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4TUDY OF THE MASS SPECTIUM OF COSMIC HADIATION PARIICLES

A. I. Alikhanov and G. P, Yellseyev

(ZhETF, al, No 4 (Sep's, pp 199 1onL)

A new, substantially improved mass spectrometer is described
which lends itself to greatly enhancing the reliability of trajectory
determinations and accuracy of measurements of mass, By means of
this apparatus the mass spectrum of particles of cosmic radiation

has been determined at sea level.

Study of the mass spectrum of partizles which are among the
constituents of cosmic radiation at sea level has been made repeat~-
edly. In publications [1-3] measurcments werc made by a method
very close in principle to that which we have used. De termination
of the mass in all these publications was effected by simultaneous
measurement of impulse in Wilson's chamber and of the particle
range within dense absorbers. Ihe results of these publications
will be discussed following a presentation of the results of the

present work.

Measurement of mass has been effected by us from impulse and
range in a dense absorber., The impulse was measured by means of a
method which was first utilized by Alikhanyan, Alikhanov and Vaisen-
berg for the same purpose at an altitude of 3200 meters and based
on the determination of the particle trajectory within a magnetic

field, from several points obtained by means of counters.

Description of the Apparatus

The magnetic field was provided by a permanent magnet (Ls60
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Oe) within a g3P 8 centimeters wide., The poles were 70 centimeters

and 30 centimeters wide, By means of counters we could obtain

ajectory whthin the p

long
lane of the poles and 5

5 coordinates of the tr

pendicular thereto.

coordinates within the plane per

Fach pole was provided with 3 grooves as shown ia Figure 1,

and at these polnts 3 flat boxes were introduced into the magnetic
field, the boxes conta. ning rows of counters for determining the
points of the circular'hrajectory as well as the points of the tra=
jectory within the plane perpendicular thereto, 1Wo identical
were placed above and below the gap of

boxes with rows of counters

the magneb.

Counters located lengthwise of the magnetic field had a di=

aneter of L6 millimeters and within the 5 coordinate rows there
were 52 of them in each. The wall thickness of the counters was
equal to 0.1 millimeter Cu, and in experiment IV, to 0.1 millimeter
of Al, Counters placed perpendicularly to the magnetic field had a
er of 9,6 millimeters, and in all of the five rows there were

The wall thick

diamet
8 of them in each row. ness of these counters was
: 0.1 millimeter‘Cu, and in experiments 1IT and IV, 0.1 millimeter

AL,
For operation of the unit a triple discharge coincidence in
s I, IIT, and V was required.

three small counters, one in each of row

individual neon tube which

FEach counter was connected to an

; ignited on discharge within the counterss; the ignited tubes were
photographed by means of a motion-pict&re~@amena. A1l the rows of
,counters separating one filter from another, that is rows Vi, VIT,

In addition, rows

and VIIL, were overlapping double 1ayer TOWS .

i
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“ Vi, VIL and VIIT were connected in & delayed coincidence gystem,

so that it was possible to determine that a particle passing

4

hin a filter above » . \

through rows I, IIT, and V, on being stopped wit

rows VI, VII and VIIL, produced & secondary particle which with time
ed operatlion of counters

lag in excess of O.L - 0.7 JA seconds induc

in row VI, VII or VIII. Delayed coincidence from O,L to Y/L

seconds were registered by the system within five intervals.
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Figure 1, Diagram of mass spectrometef. A rapid positive

particle (p 1.50109)-has pfoduced a star in the graphite

filter
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In some of the experiments the lonlzation capaclity of the
particles was measured by means of a ten-layer low efficacy counter,

Tach layer consisted of a flat aluminum box 4O centimeters long, 12

centimeters wide, and 0.8 centimeters high., Inside the box a system
of threads was stretched, The counter was filled with a mixture of
helium and alcohol, and its efficacy for relativistic particles
was about 0,30, The threads of each hox were connected to a single
neon cell and the number of operating layers was determined by the
number of isnited neon tubes, This ionization capacity measurement
method is of statistical nature; hence, ionization capacity can be
determined f;r those particles which were registered in an appreci-

able number,

Graduation of the counter was effected elther by ionization
capacity of mesons of a mass up to 230 my which were retained in

the last filter or by ionization capacity of hard particles,

Processing of Trajectories

The film with photographs of the ignited neon tubes was pro-

jected by means of a diaprojector onto a panel with push buttons

disposed exactly like the neon tubes are disposed on the stand sup=

porting all the panels, Those push buttons which coincided wi th the

black spots of the ignited neon tubes, were pushed, thereby switch-
ing on the corresponding electrical bulbs affixed to a table in

positions exactly reproducing the disposition of counters within

the magnet, Thus it was possible to produce upon the table a light

copy of all counters within the section of both planes, to examine

the trajectory, to measure by means of templets the radius of traject-

i ] T
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ory curvature, to verify upon & tgtraight line" the frajectory with=

in the second plane, etc.

Measuraent of the radius of curvature was carried out so ’

that minimum as well as maximun radil were measured, whlch passed
through the five siven points, having as terminal dimensions ==
the diameter of the counters, By obtaining for each ‘trajectory
8 - 11 coordinates and being able to examine each trajectory spatially,
we attained for each individual trajectory a degree of reliability
which may be obtained in the Wilson chamber, It is inconceivable that
there should remain any appreciable probability of false trajectories

) formed by the passage of two or more particles through individual
rows, so that ], - 6 points would be disposed circumferentially within
one plane and concurrently L - 5 points would be collinear in the
other plane, The mass values were calculated on the basis of Rossi's 1

data (L],

Description of the Bxperiments i

Experiments were conducted under the following conditions:

Experiment L. Above row V there was placed a filter of 2.7 centi~-

meters of Al, and one centimeter Pb; above rows VI, VII and VIII,

one centimeter Pb for each one, Over the entire unit was placed a !
filter of 10 centimeters Pb. A small part of the experiments was
‘ conducted without a filter over the entire unit, in which case there

remained over the entire apparatus only the 10~15 grams/square cen-

timeter of matter of the ceiling and roof,

Experiment IT. Above row V was placed a rilter of 6 centimeters c,
above each of rows VI and VII, 2.5 centimeters ¢, and above row VIII,

), centimeters C.
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Vv was placed a filter of 6 centimeters C,

Experiment TIT, Above row
and above row VITI

¢ prows VI and VII, 2,5 cantimeters G

above each ©

olther 0,6 centimeters Po or 2,5 centimeters ¢, Over the entire wld

ntimeters Po.

was placed a filter of 50 ce
c’

placed a filter of 6 centimeters

Expeciment IV, Above row V was

¢ rows VI, VIL and VILI, L.

Over

% centimeters graphite.

- 3 above sach ©
the entire unit was placed a filter of 7~10 centimeters Pb, A1l

counters in rows LI, IIT and IV were aluminun.,

Errors in Calculatlon of Particle Mass (m = 200-300 me)

s of the particle pretained within

In the determination of mas

the filters, the following orgors occurs (1) error in determination
of impulse of the particle due to terminal dimensions of counters :
and irregularities of the masnetic field; (2) error in determination i
of impulse of the particle due to scattering within walls of coun-

ination of particle

ters in rows II, III, and 17y (3) error in detemn
d range

range due to terminal thickness of intercepting filters an
fluctuations (According 1o Pomeranchuk data [5] the range fluctu-

s effect resulting from scattering in

ations due to the circuitou

; lead is Te5 percent, in graphite they are practically equal to zeroj
range fluctuations due to the fluctuation of ionization losses in
out L=5 percent, In calculating the error i

Jead and in graphite are ab

into account)e

K7/m these fluctiations were taken

The probable error in determination of the radius of curva=

ions of counters is

due to terminal dimens

ture of the trajectory,

pulse, due--. .
e

The error in measurement of im

equal to 1-1.5 percent,
ies of the magnetic fiel

t and

4 constitutes O.li percen

to irregularit

is of no practical importance.
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tion of the nean anghe of scattering computed B

a of Willlams

Projec
(6], twking into accownt

neans of the corracted,fornml
the cylindricity of the comters, 15 equal o 0.5 degrees for one
copper counterss. This resulls in & L8 percent grror in the

v a particle ha

row of
ving a mass of 200=300 Mge In

the radius fo
percent.

value of
r 18 equal 1o 1.9

particle mass in

mecweofahmummcmmmrstMSewo

¢ error in calculation of

The mean quadrati
in the second

periment ( Km/n) s equal b
4 -= 845 PBT

o 12,5 percents

the first ex
cent and in the fourth ==

it is 10 percent, in the thir
ytainable

The last error is on
nge fluctuations).

1y twice the theoretically a

6 percents

minimum of 3 percent (due to rad

Resu%}gﬁgf Exgerim§g£;£
In experiment.l, with no filter ahove the entire it numerowns
particle propagation within the 1ead filters over TOWS

Thes

e evidently caused by

sible Lo

instances of
e instances wer

y and VI were observed.

Data obtained under

these conditions made it pos

electrons.
determine experimentally the efficacy of elimination of electronsSe
For an analysis of the

the soft comggnent,

(a) Blectrons i
efficacy of electron elimination from the soft component, that is
from the group of particles retained within the filters, there were
s which produced ngaditional’

selected from 12 films those trajectorie
row V or VI or concurrently‘in poth of these TOWS.

discharges in
o three typese

~ The glectQPn py?jgcyor;es,we;g subdivided int
In those of the first type propagation is fully certain:
many additional discharges are present and the grajectory can be
ectron with complete certainty. The second btype

attributed 4o an el

s those traject

ories in which a few additional discharges

compose
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were observed, The third type is characterized by the fact that

omission of discharge of a counter in one of the rows VI or VIII
occurs. For example, the electron has underwone propagation in

i ~ the first filter, but has produced only a single additional dis-
charge in row V; in row VI not a single counter has been discharged,
whereas row VII has shown & discbarge. This signifies that a pho=
ton (or photons) passed through row VI, and within the lead filter
over row VII it has been converted to an electron, and this electron
has affected row VII, Table 1 shows a detailed analysis of traject=

ories of the electrons.

Table 1
‘ Number of films 125-136
Number of registered particles 19,471
‘ Number of trajectories of electrons of type one and two
i in the interval of impulses 1,8-L.0+108 eV/c 106
Number of trajectories of electrons of type one, two and
three in the interval of impulses l.B-h.O-lO8 eV/c 11.6
3 Same as above, in the interval 2.h-h.0~108 eV/c 81
i : Number of trajectories with one additional discharge in
the interval 1.8-u.o-108 eV/c 22
Same as above, in the interval 2.hnh.0o108 eV/c 10

Number of. trajectories without additional discharges in the

interval 1.8-&.0'108 eV/cw 19

Same as above, in the interval 2.h—h.0-108eV/c* 10

(#) This number does not include trajectories of particles the

nlse and range of which corresponded to a mass 200-300 mg.

Ly
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(b) Llectrens in the hard component. The munber of electrons
in the hard component was detormined from two £41ms No 12l and No

125, for the impulse intervals under consideration, 1.8-LL.O~108 and

2. b-l.00208 ev/c.

Trajectories of electrons were considered as those trajectories
having at least two additional discharges in rows V or VI. The total

number of such trajectories for 3350 hard particles amounted to 15,

within the interval 1.8-h.0-].08 eV/c and 13 in the interval 2.l=Le0 %
X lO8 eV/e, Correspondingly, this eives in 12 films for 19,470 hard
particles, 88 electrons i1 the impulse interval 1.8-h.0-108 eV/c and

76 electrons in the interval 2.h~h.0'108 aV/c.

Determination of the effectiveness of electron selection.

Thus, the total number of electrons having produced propagation of
one form or another, within the impulse interval 1.8—&.0-108 eV/c,
is equal to 116 + 22 + 88 = 226, For these 226 electrons there are
within the same impulse interval 19 soft particles which have not
produced nropagation, Assuming that all the trajectories not ac-
companied by additional discharges are also trajectories of elec~
trons which fortuitously have not produced a noticeable propagation,
then the effectiveness of exclusion of electrons in the impulse in~
terval 2.h—h.0~108 eV/c will be correspondingly 167/(167 + 10) = 95
percent, I, however, one eliminates as electrons only those tra-
jectories which are accompanied by obvious ﬁropagation, that is,
those having numerous additional discharges, and considers as elec~
trons all those instances producing but a single additional dis=
charge, the effectiveness of elimination of electrons is still |
20L/25 = 8L percent in the first interval of impulses, and 157/177 =

= 09 percent in the second, Thus the method of electron elimination

by propagation within lead filters, as determined by means of .rows

S G L ‘
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of coordinate counters, has been found to be very effective.

In paper [7] efficacy of electron seprepation by propagation
for impulses below 1,80108 eV/c is estimated at 70 percent on the
baslis of experimental data. For impulses in excess of 1.80108 eV/e,
the authors were unable to obtain experimental data, and, resorting
only to theoretical consideraiions, have deemea that in this in-
stance ‘the effectiveness is considerably greater. As can be seen
from the above cited data, the effectiveness of electron exclusion

in the region of high impulses 1s actually close to unity.

(¢) Spectrum of mesons (in the absence of a filter over the

entire wnit). Having ascertained that effectiveness of electron ex-
clusion is very high within the impulse interval 2.O-h40t108 eV/c,

we can, by using the same method of propagation, separate the elec-
trons from the mesons which are retained within the filters and have
under these experimental conditions impulses within the interval
1.3-2.O~108 eV/c, Per 19,470 hard particles there were obtained

130 trajectories, that is 0,66 percent, which we attributed to mesons
having a mass up to LOO mgj 8l, trajectories, that is 0.3 percent,
positive heavy particles having the mass of a proton or greater; 2
trajectories of similar heavy negative particles and 19), trajectories,
that is i percent, having produced appreciable propagation and hence

attributed to electrons.

Prom the cited figures it can be seen that the number of elec=

-

trons retained within the filters is not very great in coﬁﬁgrison
with the nunber of mesons, and that even in the case of a not so near-
ly perfect method of electron elimination, the spectrum of mesons

having a mass up to 0O mg will not be strongly distorted by the

- 10 =
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“passing“ glectrons,

On comparing the cited data with results obtained ab Aage%,

of protons re-

we see thalt at an altitude of 3200 neters the nunbelr

lative to that of hard partidles ig §-6 times greater then at 8es

1evel, 1he hard component increases from sea level to an 2, titude

of 3200 meters by 1.8-2 times, 80 that the absolute increase of the

effect 18 of about 10 times. Such an increase corresponds to an &~ 4

sorption coefficient oft 130 grams/square centimeters 1t is known

: that such an absorption coefficient is attributed to the so-called

third component, or component N, responsible for nuclear processese

(d) Spec trum of mesons under 10 centimeters b, Over @ period :

of 350 hours thelunit operated under & iead f£ilter 10 centimeters

thicke During this gime there were registered approximately 232

particlos having a mass up to 100 mg;s 60 positive particles having

the mass of a proton or larger and 50,000 particles which had passed

through the pilters, Ihus, at sea level under a lead £ilter 10 cen-

1) time ters thick, there are observed 0,116 percent mesons and 0.12 pro-

tons and heavier particles, having ranges within the interval from

2 to 5 centimeters Pb.

For the total of 50,000 particles there were observed 3 tra=

jectories of negative particles having ® very large impulses (mass

in excess of 2000 me) which were retained within the filters: two

in the first filter and one in the last., 1f one agsumes that this

one trajectory is that of 2 nard particle, having passed through the

last row, and taking into account the fact that the region of great

impulses, 1¢€e; in excess of B—h-lO8 eV/c, comprises 90 percent‘éf“ "”“'~~-.___‘~§ R

f

all hard particles, then the probability of passing fhrough & o
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layer row of counters is less than 5-10"5. Insofar as particles
with a mass batween 1,00 and 1100 m, are concerned, thelr number

in this experiment anounts to 9. Tis reglon of mass is being
considered in detail in & subsequent experinent wherein the eX=
perimental conditions make it possible to select in a more depen-
dable manner each trajectory without incurring the risk of mis-
taking, as due to absorption, ite pemoval from the filter as a re-
sult of repeated gscattering under a large angle within the lead

filters.

A comparison of the intensity of individual components of
the spectrum in the presence and in the absence of a lead filter Q:yer
the entire unit shows that the number of protons and other heavy
positive particles decreases DY 3,5 times under 10 centimeters of Pby
the number of mesons, however, 18 altered but little by introduction

of the lead filter.

e

(e) Exclusion of electrons by neans of lead filters over the
gpparatus; The most efficient method of excluding electrons is, of
course, their absorption within a filter of Pb 5-10 centimeters thicks
10 centimeters Pb corresponds to o] cascade.units of length, and
therefore, on passing through this filter, electrons of greatest
possible energy are fully degraded and within the impulse region of
1.8-108 eV/c there will remain essentially only equilibrium electrons

formed within the lead as 8 ~electrons, 1he number of these elec-

"éfbns must be negligible. When a 10 centimeter Ph filter was placed

over the unit, in the soft component within the impulse interval
l.8*2.h‘108 eV/c, two instances of propagation were observed for

the 50,000 hard particles.

- 12 =
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From Table 1, it is apparent that in the absence of lead !
over the unit, in the soft component 157 electrons within the im- k
pulse interval 1.8—u.0~108 eV/c were observed for the 19,470 par- ii . ‘
ticles. This amounts to about 1,00 electrons for 50,000 hard par-
ticles, Thus, a filter consisting of 10 centimeters Pb decreases ;

the nurber of electrons atl sea level by at least 50 times. |

RESULTS OF EXPERIMENT IT

In experiment II, as previously stated, the intercepting
lead filters were replaced by graphite {ilters. This was done on
the basis of the following considerations, First, in the second
experiment a system of delayed coincidence registration was in
operation, In a graphite filter, the mesons, positive as well as
negative, not interacting with nuclei, yield disintegration elec-
trons, as a resnlt of which these negative mesons can be differ-
entiated from the negative mesons strongly interacting with the
nuclei, Second, on examination of the rare trajectories of par-
ticles having a mass greater than 400 mg, many trajectories must be
excluded due to the possibility of trajectory egress from the fil-
ters in a lateral direction because of scattering in the lead file-

ters, il.e., the possibility of false absorption.

In experiment I we have ascertained that a lead filter 10

centimeters thick placed above the unit, almost completely excludes
electrons, and, consequently, in the presence of such a filter
there is no need to have in the unit intercepting lead filters for

the specific purpose of electron determination by propagation with~

in such filters., Moreover, the probability of electron absorption i

- 13 -
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From Table 1, it is apparent that in the absence of lead

over the unit, in the soft component 157 electrons within the im-

pulse interval l.8-~u.0-lo8 eV/c were observed for the 19,470 par-

ticles. This amounts to about LOO electrons for 50,000 hard par-

ticles, Thus, a filter consisting of 10 centimeters Pb decreases

the number of electrons at sea level by at least 50 times.

RESULTS OF EXPERIMENT II

In experiment LI, as previously stated, the intercepting

lead filters were replaced by graphite filters. This was done on

the basis of the following considerations, First, in the second
experiment a system of delayed coincidence registration was in

operation, In a graphite filter, the mesons, positive as well as

negative, not interacting with nuclei, yield disintegration elec=-

trons, as a result of which these negative mesons can be differ-

entiated from the negative mesons strongly interacting with the

nuclei, Second, on examination of the rare trajectories of par-

ticles having a mass greater than L00 mg many trajectories must be

excluded due to the possibility of trajectory egress from the fil-

ters in a lateral direction because of scattering in the lead fil-

ters, i.e., the possibility of false absorption.

In experiment I we have ascertained that a lead filter 10

centimeters thick placed above the unit, almost completely excludes
f such a filter

g lead filters for

electrons, and, consequently, in the presence o

there is no need to have in the unit interceptin

the specific purpose of electron determination by propagation with~

in such filters., Moreover, the probability of electron absorption

¥ Decl e N N L S . . 3
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in intercepting graphlte filters 1.8 considerably less than in the

case of lead filters,

Tn this experiment there were reglstered in all three fil-

15 particles with a

ters, L50 particles with a mass up to L0O my,

! ' .mass in excess of LOO my but less than 1200 mg, and 283 particles

having the mass of a proton or greater, 68 trajectories of 150

pave delayed coincidence in rows VI or VII, with & delay of more

than 0,6 }L seconds. These 68 trajectories must pertain to only

“p that part of the 150 particles which were retained within the first

two filters, and their number is equal to 23U

The spectrum of particles retained within the first two fil-

ters is shown in Figure 2. The curve in Figure 3 refers to trajec-

tories having produced delayed coincidence, A spectrum of mass

greater than 1000 mg is shown in Pigure L. Attention must be called

to the fact that in the spectrum of Figure 3 the number of negative

particles in the region of mass 160-250 m, constitutes 16 of 37,

while in the region of mass 250-370 mg it is 7 of 31. The mean

value in the case of negative particles, namely, m_= 238 + Ly mgs

= +
m 22, £ 5 M

204

les
S
i

number
ic

of part

ZOD B0 7 Loo me
Figure 2. Experiment IT. Spectrum of particles having

a mass up to LOO mg retained in filters 1 and 2.

i
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Txclusion of trajectories of particles with mass greater
than 300 Mes as belng incorrect or possibly incorrect, was made
in those instances when: (1) it was possible to plot through given
points a trajectory grazing the pole, and (2) scattering within
the filters over angles of jet appreciable probablility would re-
move the particles from the filter by-passing the counters and
give rise to false absorption, In such a selection from L8 tra=
jectories giving a mass with the interval 300-400 ms Ll were ex=
cluded; from 26 trajectories indicating a mass within the interval
L,00-1200 Mgy s 11 were excluded, The remaining 15 trajectories gave

the values of mass shown in Table 2 (page 1017).

The number of particles with a mass greater than 1,00 ns
thus constitutes 3.l percent of the particles with a mass up to
1,00 Mo Four negative particles having very large impulses were

retained within the filters.

Let us review the causes that can lead to the formation of
trajectories which stimulate particles having a mass in excess of
LO0 mg. Since we select and examine only the correct trajectories,
which do not arouse any doubt as to representing in each instance
the actual undistorted trajectory of a single particle, the entire
problem is reduced to ascertaining what takes place within the fil-
ters on absorption of the particle, The possibility of false ab=-
sorptions due to leaks in the rows of counters is completely ex-
cluded, A possibility of egress of a particle from the filters with
by-passing of the counters, as a result of scattering (false absorp-
tidtn), is very remote., Bearing in mind such a possibility, the ex-
amination of individual trajectories obtained in experiment II, one

must assune in.one instance the "exit" of a particle from the fil-

b ) % i

SRR TR
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teprs caused by scattering, in a 2,5 centimeters thick graphite £il-

e the projection of which is more than 18.5 degrees ;

ter, over an angl
o instances over an anele the projection of which L
! .
i \

(mass 505 me), and in tw
and in still one other in-

(mags LOT #nd 175 me)5

exceeds 2), degrees
hich is 37 degrees (mass 115

gtance over an angle the projection of wl
me). At the same time the maximum angle of scattering in carbon for
particles having a mass of 200 m, and an impulse of about 2.5=3.0 %

x lO8 eV/c is approximately 12.5 degrees. The probability of scatter- E

ing over angles exceeding the maximum, is known to be practically
gqual to zeros Tnerefore, in experiment 11 the coulomb scattering i
within the filters cannot give rise to ralse  absorptions. :

to the effect that the deceleration of all 1%

A supposition
~coulomb interaction of

particles has occurred as a result of non
passing mesons with impulses in the interval 2-3.7-108 eV/c, would L

lead, in the case of carbon, to a section of su

ch interaction 0=

~ O.5~ZLO'26 square centimeters, In the region of impulses in i
o

eV/c Ly negative particles were registered. An anal- i
J . 1028 '

excess of 60108

ead in this region to a section

ogous assumption would 1
than would be obtained

that is 50 times smaller
One could assume, of

square centimeters,
impulses 2—3.7.108 eV/c.

in the region of

e of section upon

course, that there exists a very s trong dependenc

ion de-

hange of energy the sect

, S0 that with a 2-3 fold ¢

impulse

Bub in such a case one

creased by several times the factor of ten.

rong dependence_woyld also manifest it-

might expect that such a st
in the interval 2-3.7.10B eV/ce Meanwhile distribution in- ) .

g in the region of im=

self with

side the impulse interval presents. a groupin
—256-108 eV/c CBLparficles), then a gap from 2.6 to 3.2-108
n-the interval from 11,85 to

pulses 2

eV/é (6 particles) and tnereaftér i
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6.25'108 eV/c there is another R&P.

les
g

artic

€

Number of P

: 150 200 250 300 350

figure 3 Experiment TI. Spectrum of particles for
i gu .

i re topping in
which disintegration was registered after stopplng

' the filter

1
4
H

—_
=

[

1
Number of perticles

U

1000.

2000 3000 1,000 m

: f i ing a
Figure L. Experiment II. Spectrum of particles having

mass greater than 1000 mg.
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We can also estimate the value of the sectlon for nuclearly

active mesons having a mass of 280 m, which would cause 15 of such 1

mesons to be stopped in the filters due to ionization losses. In ; ‘ .

the impulse interval of width 3.5*107 eV/c, in our three filters

@ there were stopped 1,50 mesons of which not more than 1/3 had a mass
of 280 mgs Let us assume that the distribution of these mesons by ﬁ
impulses is independent of the impulses. Then in the region from 2
L - to 3.7o108 eV/c, that is in the interval of width 1,70.108 eV/c,
| ‘ there will be about 650 of such mesons. Therefrom, we have that
of the L5 passing mesons, one underroes sharp decelerating action,
and therefore C7”= 3.5010‘26 square centimeter in the case of
araphite. Al though the possibility of such an explanation is not

excluded, its probability is remote, .since there still remains un=

i ‘ explained the appreciably apparent grouping of trajectories, which
indicates that these trajectories are determined by a process not i

connected with the specific nature of losses, but are most likely

representing trajectories of two particles which differ in mass,
one with a mass of about 550 m, and the other with a mass of about

1000 m_.

i

Table 2

Masses of 15 Particles

Mean mass in m, Mean mass

-Lo7 Stopped im filter ~735 Stepped in filter 3

115 Stopped in filter 4950 Stopped in filter 2

=155 Stopped in filter ~1000 Stopped in filter 1
+1475 Stopped in- filter +1100 Stopped in filter 2
+500 Stopped in filter +1100 Delay in row VLI by
+500 Stopped in filter 2-2.5 seconds

-500: Stopped in filter ~1175 Stopped in filter 3

+620 Stopped in filter -11,00

Stopped in filter 1

- 18 =

Declassified i - iti;
ified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000200110009-9



t
|
‘VL
{
i
i
|
!
P
;

Declassified in Part - Sanitized Cop

Approved for Release 2012/05/04 : CIA-RDP82-00039R000200110009-9

RESUIT S OF EXPERIMENT ITT

In experiment IIT 207 particles were obtalned with a mass amaller
than 300 mg, 3 particles with a mass between 300 and 340 Mo 2 pare
ticles with a mass greater than 450 My 13 heavy positive particles E
and not a single heavy negative particle, Figure 5 shows the dis-
tribution curve of the particles by masses in the first two filters,
The maximun number of particles is observed for a mass of value 215
Mys The Gaussian curve of errors with a peak at this mass value and
a mean quadratic deviation Z—;/m = 9 percent practically includes !
all the particles, leaving outside of its confine in the region of i

mass > 250 mg, 15-25 particles.

The results of the experiment with a 50 centimeter Pb filter
over the unit differ sharply from the results of the second experi=-
ment, In experiment II for the 220 particles with a mass smaller

than 300 m_ there were 16 particles with a mass from 300 to 370 Mgy it

e

that is 8 percent; in experiment IV there are 2 percent of them, 3

In experiment IT for LS50 particles with a mass up to LOO mg there

are 13 particles, that is 3,0 percent of those having a mass great-

i
i
;
i
1
]

er than 50 n, and smaller than that of a proton, In experiment IV
for 210 particles with a mass up to LOO mg there are 2 particles
with a mass greater than 450 Mg s that is 1 percent, This last
named fact is still another indication that the 13 particles with
a mass > 1,50 me could not have been obtained as a result of any
effects connected with the behavior of hard mesons within the fil-
ters, since under 50 centimeters Pb the mesons are present in the

impulse interval 2,5-3.7+108 eV/c, in an amount essentially not

less than that which is present under é filter of 10 centimeters Fb,

Declassified in Part - Sanitized Copy Approved for Release 2012/05/04 : CIA-RDP82-00039R000200110009-9
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Pop particles having produced delayed coincldences, mean

values of mass for negative and positive partlcles were calculated,

. They were found to be practically the same and equal to my = 228 % ! oA

ik L .5 mg and m = 233 £5 Mgy respectively, [inally, in gxperiment
: 1T the mean mass value (according to Plgure 2) is equal tom = 232 & :
£ 1,5 mg, while in experiment ILI with the same [ilters (according 3 ‘ \

to Figure 5) m = 218 * 2 m..

icles

part

Gy

ber ©

N

10 I

150 200 250 300 350 Lico L50 m,,

Figure 5. Bxperiment ITI. Spectrum of particles having

a mass up to LS50 m, which were stopped in filters 1 and 2

RESULTS OF EXPERIMENT IV

In experiment IV over a period of 726 hours 2,9 particles with
a mass smaller than LOO m,.were obtained, 118 positive particles
having the mass of a proton or greater, 8 particles with a mass, be-

tween 1,00 mg and the mass of a proton, 5 negative particles having
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large impulses, The spectrum of mass up to L00 mg 15 shown in ) g

ure 6, There were realstered 7); particles which gave delayed coln=~

cidence, and thelr spectzum is shown in Figure 7. In thils figure

the existence of WWo kinds of mesons is clearly apparent, not only

from the fact that there has occurred separation, even though in=

complete, of two mass lines, but also because of the large positive

excess in the region of masses greater than 250 me For 15 positive

particles with a mass greater than 250 Meys there are 2 nega tive,

while in the region up to 250 mg there are, for 3L positilve particles,

23 negative particles.

The spectrum of all the observed particles shown in Figure 6,

although it does not reveal the same well defined separation of two

mass lines, still shows the existence of a second group of particles

in a manner no less distinct than is the case of the mass spectrumn

obtained in experiment IL. The width of the mass line in experiment

IV is considerably smaller (by 1.5 times) than in experiment IT, the

width of the mass spectrum,. however, has remained practically un-

changed, and the second group of par ticles has become apparent as a

sharp step in the region of masses 250-280 L The number of par=

ticles in the second group constitutes approximately 1/5-1/3 of the

number of particles in the first group. The same as in the second

experiment, the meansvalue of mass of positive particles having pro=-

duced delayed coincidences 1s 1érger than the mean value of mass of

the negative particles, namely: m, = 23k thm, m, = 22l £ L mge

The spectra of particles obtained in experiment IV, the same

as the spectra of experiment II, differ sharply from the spectra ob=

tained in experiment IIT, wherein all the observed particles form & --—- .

single group with a mass of about 220 mge
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The mean value of mass for trajectories of particles having

produced delayed coincidence 15 as & rule somewhat higher (by 2=2,5

percent) than the mean value for Lhe remaining particles, This is

velated to the fact that the range of particles which produce de~

layed coincidences Ls somewhat decreased assuming that on the aver-

age the particles stop in the middle of the filter, Actually, the
penetration of 2 disintegration particle into the next layer of
comters is facilitated in those instances when the particle stops
in that side of the filter which is nearer to this layer of coun=

. ters. Apparently, this is also a cause of the somewhat odd shape

of the mass line.

:5-

w.

g

Number of particles
i<
¥

ioo . 150 200 2500 300 350 LoO m

‘Bxperiment IV, Spectrum of particles with a mass

upbtthOO m,

i i

A o . 4
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» DISCUSSION OF THE RESULTS OBTATNED

The first conclusion which follows from the results obtained

{ is to the effect that alongside of mesons having a mass of about
215 m, there are observed, in an amount smaller by 3-5 times, par-

ticles having a mass of 260-280 M The curves shown in Pigure 2
and 3 indicate the Gaugsian distribution of errors, based on calou~
lated mean quadratic deviation Am/m = 10 percent, with a distribu=

tion peak at the mass value 215 Mge Tnside of the Gaussian curve
g the distri-

(Pigure 2) are 1ocated Lh6 of the 23), particles formins
bution curve of particles by mass. More than 60 particles are located
outside the confines of this curve. The second CGaussian curve of
errors 1s plotted from the group of particles which do not fit with-
in the first Gaussian curve, with a peak at the mass value of 270 m,.
Within the limits of the second Gaussian curve approximately 75 par-

ticles are located.

articles having produced delayed

The distribution by mass of p

coincidences (Experiment I1) yields the followinge, Within the con=
lotted with a peak at the mass value

fines of the Gaussian curve, P

215 mg, there are 1ocated 37 of the 68 trajectories. A large posi-
in the region of mass > 250 mg (in Experi-

§ tive excess is present
This is due to different pro=

ment IT as well as in Experiment Iv).

rticles of the first and gecond group.

perties of the pa

The first group of mesons does not interact with the nucleus

and. therefore the negative mesons which have

undergo disintegration more rapidl;
the nucleus. The second group on the other hand interacts strongly
with the nucleus and the negative particles, on stopping, are en-
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Bxperiment IV, Spectrun of particles for which

disintegration was registered after stopping in the filter,

Positive particles are denoted by a + sign, negative by a -

trapped by the nucleus before undergoing disintegration, Thus, se-

paration of two gr

oups of mesons in these experiments is effected

not only by mass magni tude but also by another physical property. In

Experiment III whe
unit the obtained
satisfactorily exp
these conditions,

second group of me

Thus, the b
a similar methoa [
ticles having—a ma
by expe riments con

precise equipment.

n a 50 centimeter Pb filter is placed over the
curve of particle distribution by mass can be
lained by ome group of particles, although under
apparently, a small percentage of admixture of the

sons is present.

asic conclusion reached from investigations using
7] during 1946-19L7, as to the existence of par-
ss greater than that of the }A -meson, is confirmed

ducted at sea level using more nearly perfect and

If one compares these data with those published hitherto, a
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dlscrepancy becomes apparent with publications [1-3] in which par-

ticles with a mass of 260-280 m, were not found, Under the condl=

tions of our experiments, the presence of this group of particles
is detected as a very clear, one may say, gross effect, The ob-
served discrepancies can be explained by different experimental
conditions, Fretter, Brode and Retallack placed above the unit

a filter of 25 to L5 centimeters Pb hoping to increase thereby the
effect, Peyron et al,, for the same purpose, ulso‘provided a fil=-
ter of 72 centimeters Pb, and in some instances decreased it to 2L

centime ters Pb,

As can be seen from data of Expeciment IIL, when a filter of
50 centimeters Pb is placed over the unit, the number of particles
e : with masses greater than 250 Mg is considerably smaller than in Ex- @

periments IT and IV wherein a filter of 10 centimeters Pb was placed

over the wnit, i.e., on using a thick filter we have to deal only

with f(~mesons.

The fact that Peyron et al., were unable to detect the second d
group of particles is apparently explained by the fact that under

-
conditions most convenient for observation of Tl -mesons, namely, with

a filter of lead having a thickness of about 10 centimeters, their 3

unit was in operation 25 percent of the time and the number of re-

& gistered particles is insignificant, In recent work [8] conducted
without a filter over the unit there were observed a few particles
with a mass of about 300 mg, but because ‘of poor accuracy of mass
measurement, the authors4cannot on this basis assume that a second

e o = “gTOUP-Of Mesons has“bggp,qbserveafﬂfig the absence of a filter over

the unit, generation of interacting mesons can take place in the

ceiling, walls, roof and other objects surrounding the top of the
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mit. With & 1ifetine of 2¢10"% second, the distances et which
these sources are distributed are very essential, Tt is qulte
possible that different results can be obtained depending on such

usually poorly controlled conditions,)

Adverting to the second region of mass spectrun from LOO Mg
and higher, we will campare our data with the results of publications

[9, 10, 11]s

At sea level under a filter of 10 centimeters Pb, for 450
particles having a mass up to L0O mg which have been retained in
all three filters, we obtained 13 trajectories with a mass greater
than 150 My, that is, about 3 percent, while of those with a mass
of about 1000 mg == 1.5 percent, Brode [9] points out that in all
the experiments described in the paper, 78 trajectories yielded
masses of approximately 215 ng and 8 trajectories, that is 10 per-

cent, gave masses within 500-800 m, .

In paper [10] is shown a magss spectrum of cosmic radiation
particles determined by deflection in a magnetic field and ioni za=-
tion capacity. The radiation was filtered through 12 centimeters
Pb, In this mass spectrum there are 5 particles having a mass of
a proton or thereabout, and & particles having a mass between 250
and 1800 My Correlation between separate sections of the mass
spectrum was determined in this paper by the accepted method of mass
determination, which compels a selection of particies within a de-
finite interval of ioniﬁation capacity.

- - .

For a comparison with our experimental conditions wherein
the particles are selected within a definhite range interval, one

must introduce in the spectrum of Leprince-finguet a rating cor-
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rection (assuming that in the distribution of these particles no

substantial predominance exists in the region of short ranges) which

vields the following results., For Ll protons there must be 50 mesons

with a mass of about 250 Mg and 20 intermediate particles with a mass f

greater than 500 Mgo on considering only those trajectories of par-

{icles with intermediate masses which are expressly selected by the

authors, probably as being the most reliable, their number still con=

stitutes 25-30 percent of the mumber of mesons, At the same time

the authors of paper (1], apparently by means of the same Wilson !

‘ : chamber, at the same altitude, selecting under 72 centimeters of Pb

those particles which are absorbed in a copper filter, have found

that the number of particles having a mass of about 1000 mg is less

i i
i than 2 percent. In Experiment III, under 50 centimeters Pb we have

L : obtained a still smaller percentage (1 percent) of particles with

such a mass,

When the filter over the unit was removed, Peyron et als,
also did not obtain any indication of the existence of particles

having a large masse Apparently, trajectories of heavy particles

nave been differnetiated by them from trajectories of electrons by

ionization capacity. Within the range interval 27-43 grams/square

ization capacity of particles having a mass

centimeter the mean ilon

i
i

those of 500 m, is 1,6 I3y, while that of

of 1000 m, is 2.1 L s
8 ov/c is 1L T ;0 It

SRETTER

electrons having an impulse of about 2,50°10

o

mst be pointed out that classification of particles which differ

from one another in ionization capacity by only a factor of 1.5,

is a most difficult task.

Thus, a comparison .of the data obtained by us with those avail-

able in the literature does not reveal seriuus, unexplainable di.s=

crepancies, 1t must be noted that there exists a sharp variance be-

i
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tween data shown in paper [l] and those found in the clted pub=
lications [9, 107,

Three trajectories which yielded, by curvature in the mag-
netic fleld and ionization capacity, the mass values 800-1.000 Mes
were observed in the Wilson chamber by Butler et al,, [11]. The
unit was provided with a control block selecting the penetrating

showers and was in operation 800 hours,

On introducing a rating correction analagous to that used
in comection with the data of Leprince-Ringuet, and one for the
luminosity of the apparatus, one finds that the number of par-
ticles with a mass of 1000 mg, which we have observed is consider=-

ably smaller than that derived from the data of this publications

In conclusion, let us consider the question of the nature
of trajectories of negative particles having very large impulses,
As was s tated in connection with the description of these trajec-
tories, they cannot be explained by leaks, since trajectories
stopped in the last filter are observed in just as many instances
as those not stopped in the last filter, On most rigorous approach

these trajectories can be explained only as being trajectories of

particles stopped in the filters, Their number is small but in four

instances obtained with a low efficacy counter switched in, 1t pro-

duced few discharges, namely, 3, 5, 2, 3, on the average 3.25,

Mesons with a mass up to 2,0 Mg which stopped within the range inter=

val 9,6-11,6 centimeters C, that is possessing an ionization capacity

1.3L Ipin yielded an average number of discharges amounting to 3.7 *

% 0,23,

filters in Experiment IV, the averagé number of discharges is equal

oy .y e i S
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6,5 + 0,35, For 62 protons (particles having yielded magses from
ere were only 2 instances of thraé discharges,

roducing more than three discharges (Fig=

1300 to 2900 me) th

all the remaining ones P
wre 8), If the negative particles were particles heavier than the
proton, and they showld be such from impulse and range, then one
must expect @ still smaller percentage of triple discharges in the
case of these particles than in the case of the protons, whereas,

actually, the exactly opposite effect takes places

Thus, it can be definitely assumed that these trajectories
of negative particles are caused by stops presulting from non~Lloni~
zation decelerating action. As was stated above, the section in
cases of such action is 7 10'28 centimeter square, if hard /A -
mesons are involved, However, for non-interacting mesons even this
section must be too large and therefore 1t appears more acceptable
to assume that these are stops of T -nesons. Such considerations
are further suppor ted by the fact that in Experiment 171, that is
under 50 centimeters Fb, not a single one of these trajectories was
not fortuitous then the stopped negative par-

observed, If this is
ticles possessing great impulses cannot be fA-mesons, since their
muiber camot be appreciably changed by introduction of the 50 cen=
timeter Pb filter. An analagous phenomenon is also observed in the
case of positive particles. Among ‘these, in Experiment IV, there

are 18 trajectories corresponding to 2 mass greater than 5000 Mge

- - 1In ten cases out of eighteen the number of discharges of the

low efficacy counter-does‘not exceed three (the average being 3.8),
that 1s, particles of this entire‘group have low ionizatisn’cébacity
and have sustained stopping as & result of sharp energy losses on
‘the greatest portion of them are pro=

ollisions; apparently,
ositive | -mesons, corresponding

nuclear ¢

tons, while a smaller portion are P

- 20 -
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Figure 1 shows a case of non=

lonlzation loss of energy by a rapid positive particle, In the

filter wnder row VI the particle has formed a star, Nine out of

2L trajectories of positive particles which yielded a calculated

mass value of 5000 me have produced similar stars in the filters,

S
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